INTRODUCTION
The importance for accurate age estimation has never been so immense. In the last couple of decades, the need has increased for two main reasons-increasing number of unidentified human remains and cases requiring age estimation in living individuals without valid proof of birth date. These developments have greatly emphasized the importance of age estimation in human remains and living beings. [1] The assessment of a child's chronological age and stage of maturation is particularly important in fields such as pediatrics, orthopedics, and orthodontics, forensic and anthropological studies. [2] Dental age estimation has gained recognition as it is less changeable when compared to other maturity indices and less influenced by environmental factors. Numerous methods have been evolved in estimating dental development that includes anatomy, histology, tooth eruption timings, and radiographic evaluation. Among them, the radiological method is most promising. Several methods for the dental age determination from radiographs have been described, namely by Nolla (1960) , Demirjian and Goldstein (1973, 1974) , Haavikko and Willem's (2001). [3] [4] [5] [6] [7] [8] Among these, Demirjian and Goldstein system has been widely accepted due to the maturity scoring system as it is universal in application and the conversion to dental age can be made with ease. In 2001, Willem's et al. evaluated the accuracy of Demirjian method in Belgian Caucasian population, and he provided modified scoring system. [8] There are very few studies for correlation of chronological age with dental age estimation in the Saudi population. Most of these studies are based on the Demirjian method that evaluates dental maturity. Willems method of dental age estimation is easy and calculates dental age by direct scoring of tooth development. [8] However, there are no comparative studies between various age estimation methods to prove the accuracy of one method over other. The purpose of the present study was to evaluate relationship between chronological age and dental age estimated by Demirjian and Willems methods. Furthermore, it was attempted to find the accuracy of one method over the other.
MATERIALS AND METHODS
A sample of 60 panoramic digital radiographs of healthy children aged 6-13 years old (34 males and 26 females) who fulfilled the inclusion criteria like clear digital panoramic radiographs without blurring or artifacts and free of any pathology that might affect tooth/root development/ maturation like carious or pulpal involvement. Careful screening of patients' records was done to rule out the presence of any medical condition that may affect tooth development. The radiographs were evaluated at the Batterjee Medical College for Science and Technology, Jeddah.
The chronological age was calculated from the valid birth date of the child up to the date of radiograph. The dental calcification stages were assigned for seven left mandibular teeth in all selected radiographs. These stages were used for estimating maturity scores, and dental age was determined as per the conversion value put forth by Demirjian. [7] Developmental tooth stages with corresponding age scores in years were used to calculate dental age by Willems method. [8] 
Statistical analysis
Means and standard deviations for chronological age, ages calculated by Demirjian method and Willems method were determined. One-way ANOVA was used for the evaluation of the correlation between all these parameters. Differences between chronological and dental age were calculated for all parameters (total sample size, boys, girls, and four age groups). Pearson's correlation was used to find the possible relationship between chronological and estimated dental age by both methods.
RESULTS
Total children (n = 60) included in this study comprised 34 boys and 26 girls. Mean and standard deviations for chronological age, ages calculated by Demirjian and Willems method were calculated for boys, girls, and the total sample size. The mean age calculated by Willems method was less than the chronological age of all children as well as in boys and girls. Comparisons between all three mean ages were found to be statistically not significant in boys, girls, and total sample size [ Table 1 ]. All the children were subdivided into four age groups. Comparisons of mean ages between all four age groups were statistically not significant [ Table 2 ].
The difference between chronological age and dental age by Demirjian method was calculated for all children and for different age groups. Pearson's correlation was performed to observe their relationship. The difference between chronological age and dental age by Demirjian method showed that dental age was underestimated among boys, girls, and total sample except the age group of 5-7 years old. The correlation between these ages was significant among all parameters except the age group of 7.1-9 years [ Table 3 ]. Similarly, difference between chronological age and age by Willems method were correlated for the total sample, boys, girls, and all age groups. Dental age was found to be underestimated in all the parameters. The correlations between ages among all parameters were statistically significant except the age groups of 9.1-11 and 11.1-13 years old [ Table 4 ].
The differences between dental age by Demirjian and Willems methods were calculated and it was observed that latter was underestimated than former. The correlation between the two mean dental ages was significant in all the parameters [ Table 5 ].
DISCUSSION
Age estimation has become important factor in individual identification in forensic dental science. It is useful in spotting unknown victims, qualifying individuals for social benefits, and finding unknown immigrants. Several studies have been proposed and used the human dentition for estimation of chronologic age. Age estimation in children and adolescents can be done by evaluating the development of deciduous and permanent teeth up to the age of 14 years on radiographs. [9, 10] The present study aimed at evaluating the reliability of dental age assessment among children. Age estimation methods proposed by Demirjian and Willems were considered for dental age estimation. The study included 60 panoramic radiographs of children (36 males and 24 females) with an age range of 6-13 years. The mean chronological age of all the children was 8.79 ± 2.11 years, while dental age by Demirjian method was 8.72 ± 2.03 years, and on comparison was statistically not significant. Similarly, the comparison of these parameters was not significant for boys and girls. However, Nour El Deen et al. found the significant difference between chronological age and Demirjian dental age in the study of Saudi children and among boys and girls. [11] The comparison of mean chronological age with Willem's dental age was found to be not significant. The chronological age was higher as compared to dental age in Willem's method. Among different age groups, the difference between the dental age and chronological age was found to be increasing as the age group advanced from smaller age group to higher age group. This suggests that dental age by Willems method is much closer to chronological age in younger children. Nevertheless, Willem et al. have observed overestimation of dental age over chronological age. [8] In the present study, there was underestimation of dental age by both methods over chronological age among boys and girls and all children. These findings are not in accordance with Baghdadi who observed overestimation of age among Saudi children. There was overestimation of dental age by Demirjian method in age group of 5-7 years. [12] Correlation analysis of age groups showed a significant association between the chronological age and Demirjian dental age in all except 7.1-9 years group. While in Willems dental age, 7.1-9 years and 9.1-11 years age group did not show significant correlation. Alshihri et al. found no significant relation between chronological age and dental age by Demirjian method in these age groups among both genders in western Saudi children. [13] On contrary, Al-Dharrab et al. found overestimation in boys and underestimation in dental age by Demirjian method in certain age groups yet the age group of 5-7 years range exhibited underestimation of dental age. [14] The present study showed the nonsignificant relationship between dental age (Willem) and chronological age in the children between the age ranges of 7-11 years. This suggests that there could be relative slowdown in dental maturation during this period. The possible reason behind this finding may be related to the cumulative growth pattern as there is a relatively slow growth during childhood as compared to postnatal growth and pubertal growth. [15] Dental mineralization patterns have shown that early stages of tooth development are almost the same in both genders. However, sexual dimorphism in developmental pace takes place around the completion of tooth crown and prolongs to increase during the stage of root formation. These findings suggest that tooth formation follows the pattern of general growth and may be affected by hormonal changes. [16] When the difference between the two dental ages was calculated, it was observed that the age by Willems method was underestimated than age by Demirjian method. Further their correlations among all parameters were statistically significant. Although both the dental ages in the present study were underestimated, a meta-analysis by Esan et al.
suggests that there is overestimation of dental age over chronological age in both the methods. They further observed that Willems method provides more accurate chronological age estimation in various population-based studies, whereas Demirjian method provides insight into maturity scores. [17] 
CONCLUSION
The present study was an attempt to establish an association between two most commonly used dental age estimation methods and evaluate their reliability in the estimation of chronological age. We observed underestimation of dental age over chronological age. Yet the proximity of both the age methods to chronological age supports their consistency in estimation of latter. Inclusions of larger sample size among larger strata of population are required to reach to more reliable conclusion.
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